Abstract-This paper presents a small aperture shaped ring focus reflector antenna that covers the frequency band from 7.9 GHz to 9.1 GHz, featuring a wide bandwidth, low VSWR and low-cross-polarization levels. The proposed antenna is composed of a feed horn, a polarizer, a main-and sub-reflector. To validate the concept, an antenna prototype is manufactured and then tested. Both simulated and measured results of VSWR and radiation patterns are presented. The antenna is demonstrated to be able to achieve good performance and can be used in satellite high speed data downlinks.
Introduction
Data transmission antennas for low-earth-orbit satellites require a shaped beam radiation pattern that provides coverage of the earth surface. The drawback of using shaped-beam antennas, as presented in [1, 2] , is a lower Effective Isotropically Radiated Power (EIRP) of the data transmission system and data leak due to a low antenna gain and a widebeam coverage. Spot-beam high-gain reflector antenna [3] driven by two-dimensional rotation mechanism is a good candidate for reducing the power consumption of the data transmission microwave power amplifier and other payloads onboard satellites.
In this paper, we present a novel dual-polarized reflector satellite data transmission antenna which has two input ports and can achieve high-speed data downlink. Such an antenna is required for the new generation of satellite data transmission systems which will have increasing amount of data to be transmitted to the ground. Due to the adoption of the ring focus reflector antenna technology, Feed horn is not in the irradiated region of the sub-reflector and eliminates the influence of sub reflector's reflection field on the feed, the antenna has low VSWR. By using the shaped reflecting surface, the antenna has the performance of higher gain and the lower sidelobe level. Using complex horn as a feed, the antenna has the advantages of wide bandwidth, low cross polarization and low VSWR. Finally, the electromagnetic analysis and the manufacturing of the complete antenna has been done.
II. The ring focus antenna design technology

A. The design of feed horn
Feed horn, which has the extremely important influence on bandwidth, cross polarization and other performance, is heart of the reflector antenna. Conical horn, which has the advantages of simple structure, easy manufacture, low cost, high efficiency, is a good candidate for feed of reflector antenna. As Fig. 1 shows, conical horn, which was excited by corrugation, consists of a short variable flare angle conical horn and short corrugation. Circular waveguide main mode H11 excited corrugated mode HE11 of corrugated part, corrugated mode HE11 excited the main mode H11 and higher order mode E11, H12 of conical horn. Wave mode number, model ratio and the aperture field can be achieved by selection of the different size of the horn. Model design, model ratio expected, mode ratio synthesize were the commonest means to design a horn that has appropriate radiation level taper and good axial symmetry pattern. The radiation pattern of horn feed (a cut-plane every 20 degrees) is shown in Fig.2 . The horn, which has a good symmetry over the bandwidth (unequal level less than 0.5dB, irradiation taper is -14~-16dB), is the key factor of of excellent performance of reflector antenna. Fig. 3 shows, the septum polarizer is square waveguide inserted a metal steps plate (continuous size change with certain rules). Input mode TE10 in the rectangular waveguide was divided into two orthogonal mode TE01x, TE10x when it pass through the metal steps by adjusting the step length.The two orthogonal mode has 90 degree phase difference and it can form a circular polarization by adjusting the length and shape of the diaphragm. Ports 1 and 2 show LHCP and RHCP respectively. As Fig. 4 shows, amplitude and phase difference of TE01x, TE10x is less than ±0.05dB and 90±2deg respectively. he proposed antenna configuration is shown in Fig. 5 . In order to achieve the high gain, low sidelobe, the shaped main and sub-reflectors is presented based on the following three conditions: the conditions of conservation of energy, the main and auxiliary reflector reflection law, aplanatic condition. The simulated Co-pol and X-pol radiation pattern of the all bandwidth as shown in Fig.6 
III. Experiment results
Based on the above design technique, the ring focus reflector antenna, polarizer and horn has been manufactured, The antenna was tested in the near field microwave anechoic chamber as shown in Fig.7 . The simulated and measured S11 results of the antenna are shown in Fig. 8 . The Measured result fits the simulated very well. The Co-pol and X-pol measured results of the antenna are shown in Fig. 9 . The 33.5dB X-pol level is met the need of antenna dual polarization application.
The other measured results are listed below: Bandwidth:7.9-9.1GHz; Beam width 4.5-5.5°; LHCP Gain>28dB; X-pol>33.5dB; Sidelobe level< -12dB; S11<-20dB 
IV. Conclusion
A novel space-borne antenna using the ring focus reflector antenna has been proposed, designed, developed and tested.
The antenna is shown to be able to cover the frequency range from 7.9GHz to 9.1GHz, useful for spaceborne data transmission applications. It has excellent performance(Crosspolarization levels< -33.5dB, VSWR<1.2,The working frequency:7.9-9.1GHz, Gain>28dBi). The antenna can be widely used in satellite high speed data transmission system.
